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(54) SUBSTRATE FOR PRINTED CIRCUIT BOARD AND METHOD FOR 

Manufacture thereof 

(57) Field-of Utilization: printed board fabrication technology. Essence of the Invention : a 
substrate for a printed circuit board is formed as a packet of basalt fabric sheets impregnated with 
a polymer binder comprising a boron nitride powder in an amount of 2-10% based on the weight 
of the binder. The powder has a particle size of 0.5-20 Jim. Boron nitride is introduced into the 
polymer binder prior to impregnation of the basalt fabric. The invention increases heat resistance 
and improves thermophysical and dielectric properties of the substrate. 2 claims. 3 tables. 

The present invention relates to electrically insulating materials, more specifically, to a 
substrate for printed circuit boards, and to a method for the manufacture of the substrate. The 
invention can be successfully utilized in the field of computers, electronics and the like. 

Printed circuit boards are usually in the form of layered electrically insulating substrate 
clad on one or two sides with a metallic foil. 

One of the conventional substrates for printed circuit boards had a multilayer structure 
consisting of basalt fabric sheets impregnated with a polymer binder based on phenol- 
formaldehyde and polyimide resins [1]. 

However, such substrates, in particular, substrates based on phenol-formaldehyde resins, 
have a low level of heat resistance, thermophysical and electric properties, which places 
limitation on the range of their application. 

A method for the fabrication of a substrate for printed circuit boards is also known this 
method comprising the steps of impregnating a basalt fabric with an epoxy polymer binder, 
drying the fabric, cutting to obtain preforms, assembling the preforms to obtain a packet, and 
thermally pressing the packet [2]. The drawback of this method is in that the obtained substrates 
have a low thermal conductivity and insufficient heat resistance and the values of their dielectric 
loss tangent are still high. 



The object of the present invention is to improve heat resistance, thermophysical 
properties and dielectric properties of substrates for printed circuit boards. 

This object is attained by employing a substrate for a printed circuit board having a 
multilayer structure consisting of basalt fabric sheets impregnated with a polymer binder, 
wherein the polymer binder additionally contains boron nitride in an amount of 2 to 10% based 
on the binder weight. 

In the method for the fabrication of a substrate for printed circuit boards, comprising the 
steps of impregnating a basalt fabric with a polymer binder, drying, cutting to preforms, 
assembling the preforms into a packet and thermal pressing of the packet, the above object is 
attained by introducing boron nitride with a particles size of 0.5 to 20 in an amount of 2 to 
10% based on the binder weight into the binder prior to impregnation of the basalt fabric with the 
binder. 

Boron nitride is widely used for the manufacture of heat-resistant ceramics [3, 4]. 
However, the use of boron nitride in the fabrication of substrates for printed circuit boards is not 
known in prior art and is not dictated by simple utilization of known properties of the substance, 
because when its concentration in the binder is outside the claimed range (2-10%), the above- 
described object is not attained. 

The utilization of the selected order for the introduction of boron nitride in the form of 
dispersed particles with a size of 0.5 to 20 Jim, that is, the direct introduction into the polymer 
binder under stirring prior to impregnation of the basalt fabric, provides for a uniform 
distribution of boron nitride in the polymer matrix and effective interaction of its highly 
developed surface with the binder and basalt fabric during thermal pressing, which results in 
qualitative changes in the substrate properties. 

The suggested substrate for printed circuit boards has a multilayer structure consisting of 
basalt fabric sheets impregnated with a polymer thermosetting binder containing 2-10% boron 
nitride based on the binder weight. 

The implementation of the method for the preparation of the substrate will be illustrated 
below by the following examples. 

Example 1. An epoxy binder is charged into a reactor provided with a mechanical stirrer. 
Then, boron nitride with a particle size of 0.5-20 |im is added in an amount of 5%, and the 
components are stirred for no less than 5 min to obtain a homogeneous distribution of the finely 
dispersed product in the whole binder. The obtained mixture is used to impregnate a basalt fabric 
which is then dried at a temperature of 80°C for no less than 60 min. The dried fabric is cut to 
obtain preforms which are assembled into a packet for the fabrication of an electrically insulating 
material with a thickness of 1 .5 mm. The packet is subjected to thermal pressing at a temperature 
of 160°C under a pressure of 350 MPa for 60 min. The press-form is then disassembled, edges 
are cut out, and the obtained electrically insulating material is inspected. 

Results obtained with the conventional and suggested methods for the fabrication of an 
electrically insulating material are presented in Table 1 for different concentrations of boron 
nitride. 

Data presented in the table show that the preliminary introduction of boron nitride with a 
particle size of 0.5-20 ^m in an amount of 2-10% based on the binder weight into the epoxy 
polymer binder makes it possible to improve heat resistance of the obtained material, as 
demonstrated by the fact that its bending strength at a temperature of 180°C was increased by 20- 
33%, while its thermal conductivity was increased by 38-55% and its dielectric loss tangent was 
decreased by 13-65%. 



Example 2. A polyimide binder [5] is charged into a reactor provided with a mechanical 
stirrer. Then, boron nitride with a particle size of 0.5-20 |im is added in an amount of 5%, and 
the components are stirred to obtain a homogeneous distribution of the finely dispersed product 
in the whole binder. The obtained mixture is used to impregnate a basalt fabric which is then 
dried at a temperature of 180°C for 1 h. The dried fabric is cut to obtain preforms which are 
assembled into a packet. The packet is subjected to thermal pressing at a temperature of 310°C 
under a pressure of 450 MPa for 1 h. The press-form is then disassembled, edges are cut out, and 
the obtained electrically insulating material is inspected. 

Results obtained with the conventional and suggested methods for the fabrication of an 
electrically insulating material are presented in Table 2 for different concentrations of boron 
nitride. 

Data presented in the table show that the preliminary introduction of boron nitride with a 
particle size of 0.5-20 urn in an amount of 2-10% based on the binder weight into the polyimide 
binder makes it possible to increase its bending strength at a temperature of 300°C by 18-21%, 
increase its thermal conductivity by 10-24% and decrease its dielectric loss tangent by 25-75%. 

Example 3. A phenol-formaldehyde binder is charged into a reactor provided with a 
mechanical stirrer. Then, boron nitride with a particle size of 0.5-20 |im is added in an amount of 
5%, and the components are stirred to obtain a homogeneous distribution of the finely dispersed 
product in the whole binder. The obtained mixture is used to impregnate a basalt fabric which is 
then dried at a temperature of 80°C for 30 min. The obtained elements are assembled into a 
packet. The packet is subjected to thermal pressing at a temperature of 160°C under a pressure of 
350 MPa for 60 min. Upon cooling, the press-form is disassembled, edges are cut out, and the 
obtained electrically insulating material is inspected. 

Results obtained with the conventional and suggested methods for the fabrication of an 
electrically insulating material are presented in Table 3 for different concentrations of boron 
nitride. 

Data presented in the table show that the preliminary introduction of boron nitride with a 
particle size of 0.5-20 urn in an amount of 2-10% based on the binder weight into the polyimide 
binder makes it possible to increase its bending strength at a temperature of 250°C by 28-43%, 
increase its thermal conductivity by 8-30% and decrease its dielectric loss tangent by 33-53%. 

The utilization of the suggested method for the manufacture of an electrically insulating 
material for printed circuit boards with improved balance of heat resistance, thermophysical 
properties and dielectric properties makes it possible to improve the operation reliability of 
components of electronic devices with high thermal load, which results in the decreased total 
number of malfunction events and increased reliability of electronic equipment. 

Patent Claims 

1. A substrate for a printed circuit board formed as a multilayer structure consisting of 
basalt fabric sheets impregnated with a polymer binder, characterized by the fact that a boron 
nitride powder is introduced into the polymer binder in an amount of 2-10% based on the weight 
of the binder. 

2. A method for the fabrication of a substrate for a printed circuit board comprising the 
steps of impregnating a basalt fabric with a polymer binder, drying, cutting to obtain sheets, 
assembling a sheet package, and thermal pressing, characterized by the fact, that a boron nitride 



powder with a particle size of 0.5-20 Jim is introduced into the polymer binder in an amount of 
2-10% based on the weight of the binder prior to impregnation of the basalt fabric. 



Table 1 



Effect of the manufacturing method on characteristics of an electrically insulating material based 
on an epoxy binder 



Manufacturing 
method 


Concentration of 
boron nitride, %, 
in the binder 


Bending 
strength, MPa, at 
a temperature of 
180°C 


Thermal 
conductivity 
coefficient, 

W/m-°C 


Dielectric loss 
tangent at a 
frequency 10 3 Hz 


Conventional 


None 


300 


0.29 


0.023 


According to 
invention 


1 


320 


0.32 


0.015 


2 


380 


0.40 


0.010 


5 


400 I 


0.44 


0.008 


10 


360 


0.45 


0.020 


12 


310 


0.45 


0.023 



Table 2 



Effect of the manufacturing method on characteristics of an electrically insulating material based 
on an polyimide binder 



Manufacturing 
method 


Concentration of 
boron nitride, %, 
in the binder 


Bending 
strength, MPa, at 
a temperature of 
300°C 


Thermal 
conductivity 
coefficient, 

W/m-°C 


Dielectric loss 
tangent at a 
frequency 10 3 Hz 


Conventional 


None 


380 


0.50 


0.004 


According to 
invention 


1 


430 


0.50 


0.004 


250 (sic) 


450 


0.55 


0.003 


5 


460 


0.62 


0.001 


10 


450 


0.55 


0.003 


11 


440 


0.50 


0.006 



Table 3 

Effect of the manufacturing method on characteristics of an electrically insulating material based 
on an phenol-formaldehyde binder 



Manufacturing 
method 



Conventional 



According to 
invention 



Concentration of 
boron nitride, %, 
in the binder 



None 



Bending 
strength, MPa, at 
a temperature of 
250°C 



280 



300 



Thermal 
conductivity 
coefficient, 

W/m-°C 



0.37 



0.38 



Dielectric loss 
tangent at a 
frequency 10 3 Hz 



0.030 



0.020 





2 


360 


0.40 


0.020 




5 


400 


0.45 


0.014 




10 


380 


0.48 


0.020 




11 


350 


0.44 


0.040 
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nopoiaox HHTpnfla 6opa b Kojmqecrae 2-10% 
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JLio6peTCHHC othocmtch k .>acktpoii3CC , #i- 
hiichhkm MaTtpmnaM, a hmchho i: fiojuioxkc 
A.n« ruaT ncjaTiJKx cxcm m cnccouy cc 
HsroroBACHHJi, i: Mover 6wrb ycncuiHo 
ncno.ih30PaHo b npcAHOTeximKC, BMMnc.7iiTC.ih- 

HOli TCXHKKC II XieKTpOHKOH TCXHHKC. 

n.iaiw ncwaTHwx cxeM o6wuho npeAeraB- 

/tSt!OT COOCH CAOHCTWe OACKTpOHoOAaUJJOHHblC 
nO.OJlO^CKH, o6.1HUOB;iHHiJe C CVJHOH HAH 2BVX 

CTopon MeTa-r^iHMccKoii tjjaibroii. 

U3BCCTMO HCn0^b3CBdHHC HOAIOXKH AAA 

iLiaTu newaTHwx cxcm, MMeibiaeH MHorocAOH- 

HVK> CTpyKTVpy 113 AHCTOB 6a32b1 hTOBOIl TKaHIT, 

nponiiTaHHOH tioahmcprum CBa3yiomHM »a 

OCHOBC (})CHOJI(J)OpiMaJlbfleni.THblX U tlOAMHMHA- 
HblX CMOA [I J. 

Oahako yKa3aKHwe iuxvioxkii, cco6chho Ha 
<J)eHO^(Jx)p.\faabAcrHa>iOH cmoac, iiMeior hiukhh 
yposeHb TepMOCTOHKocni, Tcnji(xJ)ii3imccKHx a 
jH3.ieKTpimecKHx cboActb, hto orpariHHHBacr 

B03M0«HOCTH H3 OpHMCHCHHfl. 

M3BecreH Taxace cnoco6 H3roTOBjieHH$i 
iioaaohckh aas anaT neMarawx cxcm. BKAiova- 
k>h;hh nponHTKy 6a3aAbTOBOH ncaHH moKciiA- 
hum itoa mm cpHHM cB5i3yiomHM , cc cymxy, 
pe3xy Ha 3aroTOBKH t c6opxy naxera 3arwoBOK 
H[ ero Tq)MonpeccoBaHHe \2]. HeAOcraTKOM 
yica3aHHorq cnocp6a aB^aerca iiH3Ka5i Tearo- 
npoBOAHOCTb h He^ocratowHaa TepMOC. aKocrb 
noayMeHHHx .noAAoaceic, a TaK*e see eme 
6cuibmHe 3Ha^emia xaHreHca yr^ia ahsacktph- 
vecxHx norcpb. 

[JcAbio Hacrofliqero H3o6pereHHa aBJiaerca 
noBbnneHHe tcpmoctohkocth, Ten*6<fcH3iiqcCKiix 

H ^H3^eKTpH^eCKHX CBOHCTB nOOTXeK j^Afl 

TIocTaB^eHHaa uerib AOCTHraerca Tew; »rro 
b -noAAOaace aah mara neqaTHHx cxcm, 
HMeiornen MHorocnoHHyib crpyKTypy H3 ahctob 
6a3anbTOBoii reami, nponHTaHHOtf n oahmcphhm 
CBH3yiomHM, no^HMcpHoe CBH3yiomee coAepxHT 
AonoAHHTeAi>HO hhtpha 6opa b KOAimecTBe ot 
2 ao 10% ot Maccu CB5i3yiomero. 

B cnoco6e H3roroBACHH« noAAo^KH aa» 
imaThi ncHiiTHux cxeM, BKAKwaiomeM npomrr- 
Ky 6a3aibToucfi TxaHit no;iHMcpHbiM CBsnyio- 
uwm, cc cyiuKv pesxy Ha 3aroTo«KH, c6opxy 
naxcTa 3aroTOBox h eno TepMOfipecconaHHe, 
nocraBAeHnaa ueAb AocniraeTn bbcachhcm n 
cb«3vk)uicc nponnTKH u t . 6a3ai:.TOBOH 
TxaHH npM ncpcMeuuHBaHHH HHTpiua 6opa c 

p33MCpCM MaCTHU OT 0,5 £0 20 MKM B 
KOJHmCCTBC OT 2 ;lO 10% OT M3CCbi 

CBM3yiouicro. 

HiiTpua Sopa uinpoKo npHMcnacTCM a.i« 

H3IWOB.1CHI!$l HarpOBOCTOMKOi! KCpaMHKH |3,4|, 

oanaxo cm McmvibiOBaiiit': » 1 1 po iph oa ct b c 

IIOXIOXCK IIJiaTM PC iaTliSIJC CXCM wmacTCH 



HOBMM H HC06jV.lOiJ.lCl'0 lipCk TWM ACiUX b30Bo - 

niieM i:3Becriiux iBoluTb :noro B^un*CTBa, 
xax np»i bwxo^c 3a 3auB.iCHHUi'i a:tana?CH ero 
voHuenTpauHH b cn«3yiomcM (2-10%) nocTas- 
teKJiaj! ucjit hc aocntracTc^. 

ripHMeHeiivic Bu6o3Hnoro nopuaica bbj^i- 
Hwa HiiTpiua 6cpa b Btiac iiHtncpcHMx micrvm 
c pa3MepoM ct 0,5 20 mkm iienocpcajTBenno 
b no/iHMcpHoe CBA3yioiiice ncpcA np»on;rrKOH 
6a3a r ibT0B0M tk3hh npn ncpCMcuiHRaHiiti o6ec- 
nc»iHBaeT paBHOMcpHOc pacnpeACiemie hhtph.33 

6opa E nO^HMCpHOH MaTpnuc If :*}xt>CKTHBHOe 
B3aUMOACHCTHHC CPO BbICOKOpa3HHTO;i ilOBCpx- 
HOCTH CO CB«3yK)UUfM H- 6a3&nbTCBOri TKaHhK) 

b npoueccc tcpmh mcckopo npccccwnwij, mto 

npHBOOTT X KaHCCTBCIIHOMy H3MCHeHH>0 JBOH- 
CTBa nOO^O?KKH. 

■/ ripeanaraeMasi noaxo^Ka n.iaTbi ne- 

VaTHUX CXCM HMCeT NSHOrOOIOHJiyiO crpyKTypy. 
BbinOJIHCHHyiO H3 ^TlfCTOB 6a3aibTOBOH TKaHH 

nponHTam-ioA no^iiMCpHbiM TepMopcaxTiiimbiM 
CBKsyioiuHM coaepxiiiuHM 2-10% hmtphai 6opa 
ot ero Maccu. 

BHmvmeHHe cnoco6a H3roroaneHH« noa- 
-toxkh ar.jiiocTpHpyeTCS! cjieAyromHMH r:pKMc- 
paMJi. 

• IlpiiMep 1. B pcaxTop, CHaoxeHHUM 
MexaH^Mecjeofi MeniajixoH, aarpy^aicrr aroxciia- 
Hoe ciBflsyiomcc, Ao6aB^aK)r b Hero 5% 
copomxa HHTpiua 6opa c pa3MepoM wacrKu 
0,5-20 mkm h npojwAOT nepeMeniHBaHHe b 
TeMeHHC He MCHee 5 mhh ao paBHOMcpHcro 
: paOTpwarieHH5i MCixoAncnepcHoro npoAyKTa no 
Bcefi Macce CB93yiOiuero. rioayqcHHOH CMecbio 
n po n HTtj sa iot 6a3 3ab TOByio ncaHb h BUcyuiH- 
Baw ce npH TfiMnepaType 80°C b TewuHe He 
MeHee 60 MHHyr. ^anee tkhhl pca;yT Ha 
3aroTOBKH, npoBOAST c6opxy naKera 3aroroBOK 

AAA nOAyHCHHSI 3ACKTpOH30A$:UHOliHOrO M3TC- 

puaAa toaiixhhoh 1,5 mm, KOTopbiu noABepraw 
TepMonpeccoBaHMio npH 160°C h jaBAeHwn 350 
MTla b Tcvemfe 60 mhh. IIocac uero 
BwnaiHfltoT pa36opxy npccc-c^opM, o6pe3xy 

OOAO?S » KOTlTpOAb rOTOBOrO :?ACKTp0H3O?X*UH* 

ohhopo MaTcpwa;ia. 

Pe3y.ibTaTbi npifMeneHHji H3BccrrHoro :t 
npeAAaracMoro choco6ob mjix>tobachhsi oacxt- 

pCHJCLlSUHOHHOrO MaTCpHOHa B 33UHCHMOCTH OT 

KOHucHTpauHi: HHTpitAa 6opa npcacTaB-cHw b 
Ta6,iHue I. 

Kax CAcaycT H3 npiiBcacHHux aanHbix 

npCABapiiTCAbHblH BBOA 3 OnOKCHAHOO POAHMCp- 

Hoii CBsmyiomce HiiTpiua 6opa c pajMcpoM 

M3CTHU 0,5-20 MKM B KOAHMCCTBJ 2-I07o K 
MaCCC CBM3VK)LUCru n03BOAHCT nOBnICHTh TCp- 

MocTC'iKocTb noAVMCHHoro .MaTepiiX'Ki. cvam no 

VBCTHM^MmO CTO npOMHOCT^ np»i H3nt6c np'j 

I SOX na 20-33% npu oahobpcmchiiom 
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UOHUlilCHHH 1 COnOll POBOAHUCTM H3 38-55% M 

chhvchuii T.-mreHta ywa ahxicktpmvcckmx 
norcpb Ha 13-65%. 

ripMMCp 2. B peaKTOp, CHil6*CHHUH 

MexaHHMccKOH MeuiaixoH, 3arpyxaK)T niviw- 
pmhahoc c»fl3yiomec 15], Ao6aB;isiK>T b Hero 
5% nopomxa HHTpiiaa 6opa c pa3McpoM Macrnu 

0,5-20 MKM H apOBOflHT nepCMCUlHBUHHC AO 

paBHOMepnoro pacnpeAeACKH» Me*xoAHcncpcHo- 
ro nopouika no Bceft Macce CBaayiomtPo. 
ricwiyMOHHoft cMccbfo nponHTUBawT 6a3anbvo- 
Bym TKaHb, nocrc Hero TKBHb BbicyonmajoT 
npa I80T a TeneHMe 1 qaca h pe*yT na 
3aroTOBKH. naiy^cHHuc 3aroroBKH coCnpaior 
b naKCT h npeccywT npn TeMnepaType 310 4 C 
noA Aa&neHneM 450 Mlla b Teiemfe 1 qaca. 
JUaec pa36HpaK)T npecc-ifwpMy, o6pe3a=OT 
ofooft k npoBoajrr KOirrpo;n> potoboix) j^reKT- 
poHiaiffunoHHoro MaTepnaAa. 

Pe3y^btaTH npMMeHeawa h3bccthopo u 
npewaraeMCco cnoco6oB HaroTOB^cmw Meicr- 
poH3aiflUHOBHoro MaTepnajia b sbbhchmocth or 
KOHucHTpatuiH HHTpHAa 6opa npeflCTaa^cHw b 
Tafi^Hue 2. 

KaK bhaho H3 npcAcraBureHHux AaHHbix, 

npCABa pHTCJfbHbl A BBOA B UOJ1HRMHAROC 110*- 

h MCpHoc CB>r3yioiuee NirrpHAa 6op3 c pa3McpoM 
Macniu 0,5-20 mkm u K(vumecrBC 2-10% k 
Macce CB«3yiomero o6ccneqHBaer noBumcHHe 
npoiHocTH npH Hint6e npn 300°C Ha 18-21%, 
TeiuionpoBOAiwmi aa 10-24% h chhxchhc 
TanreHca yrcia AHSJiexTpwiecjcHx ncrcpb Ha 
25-75%. 

npwfcp 3. B peaicrop, CHa6xenHufl 
MexamiqecKoft Memajucoft, aarpyxawr (|>eHan- 
(^opMajibAerHAHoe cBa3yjomee, Ao6aan*K>T b 
Hero 5% nopomxoo6pasHOix> HHTpHAa 6opa c 



121 5 
pasMcpoM qacTHu 0,520 mkm h npohOA»T 
nepcMcuiMBaHiie ao pauiiOMepHoro pacupcacAc- 
hh* MonKOAHcnepcHoro nopomxa no acea Macce 
CBA3yioiuero. FlaiywcHHoft CMccbio nponMTWBa- 
kt 6a3a^bTOBVK> TKaith, nocnc Mem nponHTan- 
wy^ tkhhh cyiuaT npn 80°C b tciichhc 30 
MunyT, rio^y«<eHHi>ic o:\cmch m co6npa!OT b 
naxeT h npeccyioT npn TeMnepaxype 160°C noa 
A3RAeHHeM 350 MFIa b tcmchhc 60 Mirnyr. 
Ilocne oJuia^AcHHH pa35HpaiOT npecc-<t»pMy, 
o6pe3awT o&noft h jtpoboart KOHtpo;ib roTOBoro 
3^eKTpoH3o,i5imioHEoro Marepna^a. 

Pe3yjivraThi upuMCHeHwa h3BCCthotx> h 
npeA^aracMoro cnoco6os mroroaAeHHsi aienr- 
Poh30mhhohhoit> MaTepnaia b 33bhchmocih m 
xoHueHTpaoHH HHTpHAa 6opa npcAcraB^eHU b 
TafijiHue 3. 

KaK BHAHO B3 npHB^AeHHMX AaHHNX, 

npcABaptrre^bHuft bbcA ? $eHanci)opMarxb4ernA- 
Hbe naTOMepHoe CBjrayiomce Hnrpma 6opa c 
pa3MepoM uacnm 0,5-20 mkm b kojotmcctbc 
2-10% x Macce CBsrayiomero o6ccnewiBacT 
noBbiineHHe npowocra npH H3in6e npn 250 # C 
na 28-43%, TenjionpoBOAHOCTH Ha 8-30% h 
cHHaceHHe TaHreHca ywa AHSJieicTpHHec khx 
norepb Ha 33-53%. 

HcnonwoBaHHe npejuiaraeMoro cnoco6a H3- 
noroBACHHfl 3^eKTpoH30AflUHOHuorx> MaTepuaAa 
Via neMaTHHx njiaT c yjiy^imeHHUM KOManex- 
COM TCpMOCTOftKOCTH, Tenjio4)H3»»iecKHx H 
AHXieXTpittieCKHX CBOfiCTB n03BOJI5ieT nOBblCHTb 

HaAeacBOCrb paiSora b wcoKoreruioHarpy ^ chhhx • 

KOMnOHeHTOB paAKoa^eKxpoHRHx yCTpOMCTB, 
11 TO IlpHBQAHY K CHH3KCUB10 o6meiD KOLTOMeCTBa 

onca30B b pa6oTe HOAejinfi h k noBbtmerauo 
HaAexHOcro paAHoaneKTpoHHoro o6opyAOBaHHfl. 



OOPMYJIA H30BPETEHHH 



1. noA^o^xa win nnaru newatHux cxcm, 
Bbmo^HeHHiifl b BHAe MHorooioftnoft crpyKTypw 

H3 J1HCTOB 6a3ajIbTOBOH TKAHH, H pOnHT3H HO ft 
nOJIHMepHblM CBa3yK>DJHM, omAUHaiou{a*cx 

tcm, mto b no^iHMepHoe CBsayiomee bbcach 
nopoiuox HHTpHAa 6opa b Ko^HMecrae 2-10 
% or Maccw CB«3yiomcro. 

2. Cnocoo H3roTOB/ieHHH nowo^KH njix 
n^arhi neqaTHbix cxeM, BiciioqaiomHH nponHT- 



Ky 6a3anbTOBoA ncaHH najraMepHUM CB93yio- 
mHM, ee cymxy, pe3xy Ha jthcth, c6opxy 
naxeTa jihctob h TepMonpeccoBaHHe, onuuma- 
romuucx TeM, irro nepeA npon»TKoft 6a3am>- 
TOBoii TKaan b nojiHMepHoe CBsayiomee bboaat 
npn nepeMcniHBaHHH noporaox HHTpHAa 6opa 
c pa3MepoM wacTHu 0,5 - 20 mkm b KojiHMecTBe 
2 - 10 % ot Maccu cB5i3y)omero. 
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T a 6 n h i; a 1 

B;ni»Hne cnocoEa H3roT06/ieHan H3 xapaicrepHCTMicM 3/ieKTpon30/i»uiioHHoro Maiepna/ia 

H3 0CII0B6 3n0KCM4H0r0 CBH3yK!merO 



Cnoco6 n3roTOB- 


KoHueHipauMR 


npoHHOCTb npn 




TaHrenc yrna am3- 


nenua 


HMTpwaa 6opa, 


M3rn6e. Mria, 


TenyionpOBOflHO- 


fleKTpMvecitMx nc- 




%, B CBaayjomeM 


np M 18C°C 


CTM, Bt/m °C 


Tepb Ha MacroTe. 
10 3 Tu 


M38eCTHblP> 


OTCyTCTByfcT 


300 


0.29 


0.023 


ripeA/iaraoMiiiA 


t 


320 


0,32 


0.015 




2 


380 


0.40 


0.010 




5 


400 


0.44 


0.008 




10 


380 


0.45 


0,020 




12 


310 


0.45 


0.023 



T a 6 n w m a 2 

B/wanwe cnoco6a M3roTOQ/iCHMfl Ha xaparrepwcTMKw 3/ie»rrpoM3onflUMOHMoro MaTepna/ia 
Ha oCHoae no/iwnMH£Horo cafl3y»omero 



Cnoco6 M3roTOB- 


KOHUeHTpaUHH 


| ripOMHOCTb npM 


K03<t>$MllHeHT 


TanreHC yrna ahs- 




HMTpivia Copa. 


W3rn6e. Mfla. 


Ten/ionpoBOflHo- 


/le^rpuHecKMx no- 




%, B CBfl3yK>meM 


npw 300°C 


CTM. Bt/M°C 


Tepb Ha MacTore. 
lO^Tu 


H3BeCTHU« 


OTcyTctsyeT 


380 


0,50 


0,004 


npe/yiaraeMbia 


1 


430 


0.50 


0.004 




250 


450 


0.55 


0.003 




5 


460 


C.62 


0,001 




1 0 


450 


0,55 


0.003 


i 


11 


•440 


0.50 


0.006 



Ta6itMi4a 3 

B/iM»HMe cnoco6a usroTOBneHun hu xapaKTepacTMicw a/ieiapOMso/iRHMGHHoro MaTepwa^a 
Ha OCHoae 4>eHO/i<{>opMa/ibAerM/;Horo capayiomero 



Cnoco6 M3roroB- 


KoHMeHTpauwfl 


DpoMHocTfe npw 


Ko3<HwuneHT 


Ta.nreHC yr/ia ai*^- 




HMtpwAa 6opa, 


W3rw5ft, MHa. 


Ten/ionpoBOAHo- 


^eKTpMMecKMX no- 




%, e CB«3yioiueM 


npu 250°C 


CTM, Bt/m °C 


Tepb Ha MacTOTe. 

io 3 r u 




OTCyiCTfiyCT 


230 


0.37 


0.030 


HpeAnaraeMwii 


1 


300 


0.38 


0.020 




2 


360 


0.40 


0,020 




5 


400 


0.45 


0,014 




10 


380 


0.48 


0.020 




11 


350 


0,44 


0.040 
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